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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 

2 **** s j lows th e wor d which can not be translated. 
3. In the drawings, any words are not translated. 

CLAIMS 
[Claim(s)] 

[Claim 1 ] The copolymer which contains the fullerene characterized by the two cash-drawer sections for 
association from said fullerene being cyclopropane rings in the shape of a chain which contains fullerene in a 
principal chain, and the copolymer over which the bridge was constructed. 

[Claim 2] The copolymer containing the fullerene according to claim 1 whose fullerene is prototype fullerene 
(C60). 

[Claim 3] The manufacture approach of the copolymer containing the fullerene which obtains the shape of a 
chain which carries out a direct condensation polymerization by the monomer which has two amino groups for 
the bis-SHIKUROPUROPONEITO adduct monomer of C62(COOH) 2H2, and has conjugated-double-bond 
nature, and contains fullerene in a principal chain, and the copolymer over which the bridge was constructed. 
[Claim 4] The manufacture approach of the copolymer containing the fullerene which obtains the shape of a 
chain which carries out a direct condensation polymerization by the monomer which has two amino groups for 
the bis-SHIKUROPUROPONEITO adduct monomer of C62(COOH) 2H2 with m-isophthalic acid, and has 
conjugated-double-bond nature, and contains fullerene in a principal chain, and the copolymer over which the 
bridge was constructed. 

[Claim 5] The manufacture approach of the copolymer containing the fullerene according to claim 3 or 4 whose 
monomer which has two amino groups and has conjugated-double-bond nature is the 4 and 4'-diamino diphenyl 
ether. 



[Translation done.] 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 

DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the shape of a chain which contains fullerene (fullerene) useful 
as new high-performance material in a principal chain, the copolymer over which the bridge was constructed, 
and its manufacture approach. 
[0002] 

[Description of the Prior Art] Existence of the fullerene which is the spherical compound which consists only of 
a carbon atom was clarified, and the synthesis method of the amount of macroes was established, after it was set 
to 1990. Fullerene is a generic name of high order fullerene (higher fullerene) which consists of C60 and even 
carbon beyond it which consist of 60 carbon, and includes 12 membered-rings [ five ], 20 pieces or five 
membered-rings beyond it, six membered-rings, or seven membered-rings. The fullerene represented by 
especially C60 is attracting attention as high-performance material new in recent years from having useful 
properties, such as conductivity resulting from the special electronic system, superconduction nature, a 
photoconductivity, and magnetism, etc., and the application to an optical element, an electric element, an 
electronic ingredient, a magnetic material, etc. is expected. That is, C60 which is prototype fullerene 
(prototypical fullerene) is also called buckminsterfullerene (buckyminsterfullerene) or a buckyball (buckyball), 
and is a diamond and crystal carbon which has the third new configuration which ranks second to graphite. The 
molecular structure is the cluster (molecular structure object) of 60 carbon atoms arranged at the top-most 
vertices of a truncated icosahedron, and C60 molecule is similar to the formula football of molecule size. 
[0003] It is expected from being in the range with that the polymer containing fullerene has the large molecule 
size of fullerene and the electronic level of a molecule like a semi-conductor, and an electron conducting easily 
mechanical, electric, and that a unique useful property will be shown in many magnetic and thermal properties. 
However, many of polymers containing fullerene were those by which fullerene is incorporated by the principal 
chain of the former and a similar macromolecule as some side chains. On the other hand, if fullerene can be 
incorporated as a part of principal chain of a macromolecule itself, since the property of the principal chain of a 
macromolecule will be determined through fullerene, equipping the property of a macromolecule with a new 
property is expected. From such a viewpoint, it is expected that the copolymer containing fullerene will have 
the same useful property as original fullerene mentioned above. However, if C60 themselves are made into a 
start monomer and the copolymer containing this fullerene is manufactured, since it cannot specify where [ of 
that truncated icosahedron ] C60 produces association at the time of a polymerization, association is produced 
from two different locations where truncated icosahedrons are various. The former, C60 is made into a pendant 
group. Many researches introduced into the side chain of a macromolecule are made. A. (a) Patil, 
A.O.;Schriver, G.W.;Carstensen, B.;Lundberg, and R.D.Polym.Bull. - 1993, 30,187, (b) Geckeler, and 
KE.;Hirsch - J. Am.Chem.Soc.1993, 115 and 3850, (c) Hawker, C.J.Macromolecules 1994, 27, and 4836, (d) 
Bergbreiter, D.E.;Gray, and H.N. J. - Chem.Soc. and Chem.Commun. - 1993, 645, and (**) - N.Zharg, 
S.R.Shricker, and and F.Wudl - Chemstry of Materials.(1995) 7 441, S (mosquito). Shi, and KC.Khemani, Q. - 
C.Li and F.Wudl, J.Am.Chem.Soc.(1992) 1 14 10656, and (**) - M.Berrada, Y.Hashimoto, and S.Miyata, and 
Chem.Mater.(1994) 6 2023. 

[0004] On the other hand The research which contains C60 in the principal chain of a macromolecule slightly 
Although made () [ (h) T.Caoand ] S. - E.Webber, Macromolecules.(1995) 28 3761, and (**) - C.E.Bunker, 
G.E.Lawson, and Y.P.Sun - Macromolecules.(1995) 28 Macromolecules. (1995) 3743 and (**) - T.Cao and 
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S.E.Webber, Macromolecules.(1996) 29 3826, and (**) - A.Camp, A.Lary, and and W.T.Ford - Although 28 
7959 and these contained C60 in the principal chain, they could not specify where [ of a truncated icosahedron ] 
the location out of which the joint hand from C60 comes would come out from, and, moreover, were not able to 
regulate correctly the daily dose of the incorporation within the principal chain of C60, either. 
[0005] The "fullerene-organosilane copolymer" which has the copolymerization structure of the fullerene 
shown in the following formula (1) as a copolymer of the shape of a chain which contains fullerene in a 
principal chain, and a specific organosilane compound in a patent public presentation official report is carried 
(JP,7-62105,A). Since it has a silicon atom in a principal chain, this copolymer has a function as a 
photopolymer, and since it is meltable to THF (tetrahydrofuran), it can be formed easily. For this reason, the 
desired pattern with which physical properties differ can be formed by exposing through the mask which has a 
desired pattern on the film of this copolymer after membrane formation. An organosilane frame oxidizes in this 
exposure section, and the ORGANO siloxane frame is generated. If the pattern with which it follows, for 
example, physical properties differ about electrical conductivity, a refractive index, etc. is formed, 
implementation of an optical fiber, an optical computer, etc. which demonstrate the optical function which 
fullerene has can be expected. 
[0006] 
[Formula 1] 

Ri 

Ri-fSi — f— (l) 

I n 
R* 

[0007] However, if the integer of 1 more than, and n R2 and R3 are a permutation or an unsubstituted 
hydrocarbon group, even if fullerene differs from n altogether and it is the same, it will not care about Rl. 
[0008] 

[Problem(s) to be Solved by the Invention] However, since it was not able to specify where [ of the truncated 
icosahedron ] C60 produces association at the time of a polymerization since the above-mentioned copolymer 
makes the ** fullerene itself the start monomer of copolymerization, the obtained copolymer had the fault in 
which the purity of functionality is lost including various isomers. ** If a macromolecule was formed through 
the joint hand of single association again from C60, since the conjugated-double-bond nature which C60 has 
would not be expanded outside, it was inadequate when changing the electronic function of a macromolecule. 
Therefore, in the polymer containing the conventional fullerene, such as the above-mentioned fullerene- 
organosilane copolymer, the polymer which cannot incorporate fullerene for conjugated bond nature to the 
principal chain of a macromolecule in the form expanded even into a principal chain, but contains the 
conventional fullerene in a principal chain as a result originated in the molecular structure, and had the fault 
which cannot demonstrate the function as an optical element, an electric element, an electronic ingredient, or a 
magnetic material fully easily. 

[0009] The purpose of this invention is to offer the copolymer containing the fullerene which can demonstrate 
more effectively the function as an optical element, an electric element, an electronic ingredient, or a magnetic 
material, and its manufacture approach. 
[0010] 

[Means for Solving the Problem] Invention concerning claim 1 is a copolymer containing the fullerene 
characterized by the two cash-drawer sections for association from fullerene being cyclopropane rings in the 
shape of a chain which contains fullerene in a principal chain, and the copolymer over which the bridge was 
constructed, as shown in the right-hand side of drawing 1 (c). Two kinds of monomers from which this 
functional group differs are enabled to surely stand in a line in a principal chain by turns by carrying out a 
polymerization to one more kind of monomer which has a different functional group which produces a 
condensation reaction for this functional group from two places thru/or the part beyond it of the front face of 
fullerene, using as a monomer the fullerene descendant object which has a functional group through a 
cyclopropane ring, moreover — for this reason, at the monomer which has a functional group in two places, a 
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chain-like polymer is obtained and it becomes the polymer which constructed the bridge by the monomer which 
has a functional group in three or more places. The interior and the exterior of fullerene which are a spherical 
carbon compound are tied by the conjugation chain by making branching of the cash-drawer section from 
fullerene both sides, i.e., both sides, into a cyclopropane ring here. Of course, it can be moved by this structure 
also in the fullerene exterior through a conjugation chain that an electron can run by the interior of fullerene. 
[001 1] This is explained using drawing 2 . Although this is possible if the hand of single association is taken out 
from fullerene as shown in drawing 2 (a), conjugated bond nature will be torn. On the other hand, although it is 
well-known since it is beginning to ** the joint hand which minded the cyclopropane ring from fullerene as this 
invention shows to drawing 2 (b), a cyclopropane ring shows double bond character to some extent according to 
the strong deformation. The notional conjugated bond with which single association as shown in drawing 2 (c), 
and a double bond are located in a line by turns from this is spatially extensible. If this conjugated bond is 
delayed and it is completely connected by doping etc., a conductor can be made also in direct current. 
Moreover, even if not connected completely, alternating current conductivity is produced or a dielectric 
constant can be enlarged. Furthermore, since an optical constant (refractive index) becomes large or a nonlinear 
optics constant becomes large, the use as a nonlinear optical element can be considered. Consequently, this 
copolymer can demonstrate the function as a more effective optical element, an electric element, an electronic 
device, or a magnetic material. 

[0012] Invention concerning claim 2 is a copolymer containing the fullerene whose fullerene it is invention 
concerning claim 1 and is prototype fullerene (C60). C60 can be produced in large quantities as compared with 
other high order fullerene, and since the behavior of the electron in the top where acquisition is easy, and the 
interior of fullerene is [ that it is easy to carry out separation purification ] more active, it becomes more suitable 
as high-performance material. The copolymer concerning claims 1 and 2 is meltable to NMP (N-methyl-2- 
pyrrolidinone) and DMAC (N,N-dimethylacetamide), and if this solution is coated, it will be obtained with the 
gestalt of a thin film. 

[0013] Invention concerning claim 3 is the manufacture approach of the copolymer containing the fullerene 
which obtains the shape of a chain which carries out a direct condensation polymerization by the monomer 
which has two amino groups for the bis-SHIKUROPUROPONEITO adduct monomer (monomer of 
biscycloproponated adduct) of C62(COOH) 2H2, and has conjugated-double-bond nature, and contains 
fullerene in a principal chain, and the copolymer over which the bridge was constructed. Since bis-cyclo 
PUROPONEITO adduct of C62(COOH) 2H2 which produce branching from two locations where spherical 
carbon compounds differ is made into the monomer, by deciding the location of these branching beforehand, a 
reaction site can be determined, coordination of the fullerene (C60) is carried out only to a principal chain, and 
the cash-drawer section serves as a cyclopropane ring structure by the dehydration copolymerization reaction of 
a carboxylic acid and an amine. 

[0014] Invention concerning claim 4 is the manufacture approach of the copolymer containing the fullerene 
which obtains the shape of a chain which carries out a direct condensation polymerization by the monomer 
which has two amino groups for the bis-SHIKUROPUROPONEITO adduct monomer of C62(COOH) 2H2 
with m-isophthalic acid, and has conjugated-double-bond nature, and contains fullerene in a principal chain, and 
the copolymer over which the bridge was constructed. If m-isophthalic acid is used, the bis-cyclo 
PUROPONEITO adduct of C62(COOH) 2H2 will become easy to melt into a solvent, a condensation- 
polymerization reaction will become easy, and, moreover, it will become easy to adjust the molecular weight of 
a polymer. 

[0015] Invention concerning claim 5 is invention concerning claim 3 or 4, and is the manufacture approach of 
the copolymer containing the fullerene whose monomer which has two amino groups and has conjugated- 
double-bond nature is the 4 and 4 l -diamino diphenyl ether. 
[0016] 

[Embodiment of the Invention] As fullerene of this invention, although it is the most suitable, not only this but 
C70, C74, C76, C78, C80, C82, C84 and C90, and C96 grade are sufficient at the reason which prototype 
fullerene (C60) mentioned above. The copolymer of this invention can be manufactured using a monomer as 
shown in the left part of drawing 1 (c). At the reaction shown here, a polymerization advances by condensation 
between the monomer which has two amino groups, and the monomer which has two carboxyl groups. It is 
based on C62(COOH) 2H2 containing fullerene as a monomer which has a carboxyl group. This copolymer 
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may be manufactured by carrying out a direct condensation polymerization by the monomer which has two 
amino groups for the bis-SHIKUROPUROPONEITO adduct monomer of C62(COOH) 2H2, and has 
conjugated-double-bond nature, without using m-isophthalic acid, although it is desirable to manufacture by 
carrying out a direct condensation polymerization by the monomer which has two amino groups for the bis- 
SHIKUROPUROPONEITO adduct monomer of C62(COOH) 2H2 with m-isophthalic acid, and has 
conjugated-double-bond nature. 

[0017] Using m-isophthalic acid (C6H4(COOH) 2) has conjugated bond nature, and it is because 
accommodation of the molecular weight of a polymer is easy. When using m-isophthalic acid, as for the mole 
ratio 1 :x of the bis-cyclo PUROPONEITO adduct of C62(COOH) 2H2, and m-isophthalic acid, the value of x is 
chosen from the range of 0-100. It is the range of 1 :0.2-l :50 preferably. When this x is except zero, the 
copolymer of this invention is expressed by the copolymerization macromolecule (poly (1, 4-oxybisphenylene 
fullerenebismethanocarboxamide-co-isophthalamide)) of 1 and 4-oxy-screw phenylene fiillerene bis-methano 
KABOKISHIAMIDO and an iso FUTAREN amide on the chemical structure. The value of n which shows the 
lap of drawing 1 (c) is chosen from the range of 10-10000. As for the fullerene descendant object monomer 
used in here, it is desirable to have conjugated-double-bond nature before the functional group which produces 
a polymerization that the joint hand from fullerene should just be what has the cyclopropane ring. 
[0018] Moreover, as a monomer which has an amino group, it is the monomer which has two amino groups, 
and it is required to have conjugated-double-bond nature. The 4 and 4'-diamino diphenyl ether is illustrated. 
Furthermore, if only the transformer -1 shown in drawing 2 (b) among various kinds of isomers is used, a 
principal chain will become a linear and various properties will demonstrate more effectively the bis- 
SHIKUROPUROPONEITO adduct monomer of C62(COOH) 2H2 used at the time of manufacture of a 
copolymer. However, in this invention, only either not only of the isomer of only the above-mentioned 
transformer -1 but transformers -2, transformers -3, or transformers -4 can also be classified and used. 
[0019] 

[Example] Next, the example of this invention is explained with the example of a comparison. 
<Example 1> (a) The synthetic sulfonium ylid (sulfonium ylide) of sulfonium ylid was compounded by the 
well-known approach. Namely, one-mol bromoacetic acid ethyl agitated the one-mol methyl thioether at the 
room temperature under N2 ambient atmosphere for 24 hours, thereby — bromination — dimethyl ethyl 
sulfonium (CH3) (2SCH2COOC2H5Br) deposited, the bromination carried out the ** exception - dimethyl 
ethyl sulfonium was dried under the vacuum and the solvent was removed, this bromination — dimethyl ethyl 
sulfonium was made to react [ THF ] with NaH of the equivalent under N2 ambient atmosphere for 24 hours 
After filtering reaction mixture and removing NaBr, yellow residual liquor was evaporated, THF was removed 
and oily yellow sulfonium ylid (CH3) (2SCH2COOC2H5) was obtained. 

[0020] (b) As shown in the reaction formula of the composite map 1 (a) of C62(COOH) 2H2 In 300ml toluene, 
put in C60 [ 400mg ], agitate it, and the toluene solution of C60 is prepared. After keeping this solution at 0 
degree C under N2 ambient atmosphere, the toluene solution of sulfonium ylid which dissolved the 181mg 
sulfonium ylid obtained above (a) in 20ml toluene in this solution was slowly dropped over about 1 hour, and 
C62(COOEt) 2H2 were compounded. In this reaction synthesis object, it has the isomer of mono-adduct, bis- 
adduct (a transformer -1, a transformer -2, a transformer -3, a transformer -4, e- adduct), and tris adduct. Only 
the transformer -1 which produces branching on both sides in which C60 of a spherical carbon compound 
carries out phase opposite was classified from the reaction synthesis object which has these isomers using the 
separation column of liquid chromatography. 

[0021] Subsequently, shortly after adding the 1ml methanol, having dissolved bis-adduct lOOmg of only the 
transformer -1 which is C62(COOEt) 2H2 in 70ml toluene under N2 air current, and agitating this solution with 
about 20 times as many NaH as this by the mole ratio, as shown in the reaction formula of drawing 1 (b), the 
bis-adduct of C62(COOH) 2H2 which are a product deposited with the generation of gas. This product was 
washed and filtered with toluene, the hexane, and the dilute sulfuric acid, and it washed with water so that that 
pH might be further set to 7. Finally it dried under the vacuum one whole day and night, and about 70mg bis- 
adduct of C62(COOH) 2H2 was obtained. 

[0022] (c) By the polymerization direct condensation-polymerization method, the copolymer of the shape of a 
chain which contains C60 in a principal chain was manufactured. That is, as shown in the reaction formula of 
drawing 1 (c), the bis-adduct of above-mentioned C62(COOH) 2H2, the mixture (mixed mole ratio 1:1) 0.2m 
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mol of m-isophthalic acid, 4, the 4 ! -diamino diphenyl ether 0.2m mol, and the triphenyl FOSU fight 0.4m mol 
were dissolved in NMPlml under N2 air current. In this solution, LiCl of 0.6mM added the liquid which 
dissolved in the pyridine which is 0.1ml, and agitated at 1 10 degrees C for 3 hours. NMPlOml was further 
added as viscosity rose. Then, this solution was poured in into the 150ml methanol. This obtained the needlelike 
sludge. After the methanol washed this needlelike sludge 3 times, it boiled for 30 minutes in the methanol 
further, and NMP, a pyridine, and other ******** we re removed. The 1 lOmg needlelike sludge was obtained 
by drying this at 60 degrees C under a vacuum for 12 hours. 

[0023] The 88mg needlelike sludge was obtained like the example 1 except having set the mixed mole ratio of 
the bis-adduct of C62(COOH) 2H2 at the time of <example 2> copolymerization, and the mixture of m- 
isophthalic acid to 1 :5. 

[0024] The 71mg needlelike sludge was obtained like the example 1 except having set the mixed mole ratio of 
the bis-adduct of C62(COOH) 2H2 at the time of <example 3> copolymerization, and the mixture of m- 
isophthalic acid to 1 :50. 

[0025] The 1 15mg massive sludge was obtained like the example 1 except having set the mixed mole ratio of 
the bis-adduct of C62(COOH) 2H2 at the time of <example 4> copolymerization, and the mixture of m- 
isophthalic acid to 1 :0 (it being un-using it about m-isophthalic acid). 

[0026] The <example 1 of comparison> prototype fullerene (C60) was made into the example 1 of a 
comparison. ...... 

[0027] The 70mg needlelike sludge was obtained like the example 1 except having set the mixed mole ratio of 
the bis-adduct of C62(COOH) 2H2 at the time of the <example 2 of comparison> copolymerization, and the 
mixture of m-isophthalic acid to 0: 1 (it being un-using it about the bis-adduct of C62(COOH) 2H2). 
[0028] <Property of the obtained needlelike sludge> (1) About the thin film produced from the toluene solution 
of the bis-adduct monomer (Sign a shows drawing 3 ) of C62(COOH) 2H2 of the infrared-spectroscopic- 
analysis example 1, and the last needlelike sludge (Sign b shows drawing 3 ) of an example 1, spectral analysis 
by the infrared absorption spectrum was performed. The result is shown in drawing 3 . That whose infrared- 
absorption peak in the flexible mode C=0 association was 1 720cm- 1 in the monomer (sign a) had shifted to 
1 660cm- 1 in the last needlelike sludge (sign b) so that clearly from the arrow head of drawing 3 . Formation of 
adjoining C-N association was accepted in the last needlelike sludge by this, and it was admitted that this 
needlelike sludge was the copolymer of this invention. The result with the same said of other examples 2-4 was 
obtained. 

[0029] (2) When optical distribution measurement was performed about the last needlelike sludge of the 
determination-of-molecular-weight example 2 and average molecular weight was calculated, it was about 
6x104. Furthermore, about the last needlelike sludge of examples 1-3, when average molecular weight was 
calculated with the viscosity coefficient measuring method, becoming large was shown as the amount of mixing 
of molecular weight of m-isophthalic acid increased. 

[0030] (3) The last needlelike sludge of the membrane formation nature examples 1-3 was dissolved in NMP, 
respectively, the glass plate was coated with each solution, and the thin film with a thickness of 0.1-0.3 
micrometers was formed, respectively. The intrinsic viscosity of the solution of the example 3 of a mole ratio 
1 :50 was 1 .4 g/dL, the viscosity of the solution of the example 2 of a mole ratio 1 :5 was 1 .2 g/dL here, and the 
viscosity of the solution of the example 1 of a mole ratio 1:1 was 0.7 g/dL. The thin film formed from the 
copolymer liquid of an example 1 presented deep brown, crocodiled slightly, and was lacking in flexibility. On 
the other hand, the thin film formed from the copolymer of examples 2 and 3 presented transparent light brown, 
and there is no crack and it was rich in flexibility. 

[0031] (4) The last needlelike sludge of the thermal stability example 2 was heated in N2 air current. Change 
was not seen by the description to 260 degrees C, but it turned out that it is stability thermally. When membrane 
formation nature was checked like the above (3) about the last needlelike substance of the example 2 after 200- 
degree-C heating, it was as eternal as heating before. 

[0032] (5) Extent of absorption by the ultraviolet visible spectrum was investigated about the last needlelike 
sludge of the ultraviolet visible-spectrum measurement examples 1-4 and the examples 1 and 2 of a comparison. 
As shown in drawing 4 , the spectrum of these copolymers changed from the insulator of the large band gap of 
1 :50 (example 3) of a low mole ratio even to the insulator of the narrower band gap of 1 :1 of a high mole ratio. 
The copolymer (example 1) of the mole ratio 1:1 which doped the potassium showed the resistance of about 
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500 ohm-cm -1 at the room temperature. This shows that the copolymer of an example can combine the 
property of original fullerene. Absorption was not seen to 3.2eV but the copolymer (example 2 of a comparison) 
from m-isophthalic acid which does not contain C60, and the 4 and 4'-diamino diphenyl ether was colorlessness 
so that clearly from drawing 4 . the content of C60 increases — alike — following (example 3 -> example 2 -> 
example 1 -> example 4) — the absorption end — a long wave — with the copolymer (example 1) of 1 :1, the 
absorption end was prolonged to the low energy near 1 .7eV, and elongation and a mole ratio presented deep 
brown to the merit side. 
[0033] 

[Effect of the Invention] As stated above, the copolymer of this invention can demonstrate more effectively the 
function as an optical element, an electric element, an electronic ingredient, or a magnetic material by a 
cyclopropane ring's constituting the two cash-drawer sections for association from fullerene, and extending the 
conjugated-double-bond nature of fullerene into a macromolecule principal chain. 



[Translation done.] 
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* NOTICES * 



JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

l.This document has been translated by computer. So the translation may not reflect the original precisely. 
2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 
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